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ABSTRACT 

This research categorizes the sandstone reservoir rock type (PRT) and flow units (FU) by 

the inaugural effort to amalgamate Winland and MLP studies for the classification of flow 

units in the Bredasdorp Basin, Offshore South Africa. Within a system of structural and 

stratigraphic traps lies the upper shallow marine sandstone reservoir, which is the primary 

target. Shelf and fluvial sandstones are the secondary targets. Shallow marine and shelf 

sandstones compose quartz-rich, mature reservoirs featuring stable, laterally extensive 

flow units, whereas fluvial sandstones are classified as less mature lithic types with more 

heterogeneous flow units influenced by geometry and diagenesis. 

This study used cores and well logs data from five different wells provided by the 

Petroleum Company of South Africa (PetroSA). The quantitative identification and 

classification of rock types and flow units within the reservoir are accomplished by 

integrating standard and specialized core analysis with a comprehensive core description. 

The reservoir rocks mostly comprise shale, lithic, siltstone, and sandstone, varying from 

very fine to medium grain size. Windland R35 analysis. Modified Lorenz plotting, 

statistical clustering, lithofacies identification, flow capacity evaluation, and storage 

capacity evaluation was used to classify the rock types and five flow units in the 

Bredasdorp reservoir.  

Low quality reservoir is represented by the first group, which includes PRT5 and Nano-

port types. Intermediate qualities reservoirs are represented by PRT4 and PRT3, Micro-

Meso port types, which include shale, siltstone, and very fine to fine sandstones. High 

quality reservoirs, including PRT1 and PRT2, Meso-Mega port types, also composed of 

fine to medium sandstones.  

The litho-facies (SM4) demonstrate the largest porosity exceeding 17.5 %, permeability 

surpassing 200 mD, and superior flow unit characteristics with pore throat size more than 

20 µm in comparison to the other petrofacies. The litho-facies (SM3) demonstrate 

relatively high porosity and permeability, while litho-facies (SM2) demonstrate moderate 

values when compared to litho-facies (SM3). Conversely, the lithofacies of shallow 

marine (SM1) and fluvial (F) environments demonstrate the lowest porosity, below 13%, 

permeability under 1.5 mD, and a minimal pore throat of 1 µm among the four litho-

petrofacies found in the deposits. 
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INTRODUCTION 

Reservoir characterization, in general, is a fundamental procedure that involves 

developing a model to characterize reservoirs according to their capacity to store and 

produce hydrocarbons [15]. Reservoir characterization aims to understand key lithology-

related features relevant to reservoir conditions, develop accurate models that capture the 

subsurface complexities and uncertainties, identify potential flow units in the reservoir, 

enhance manufacturing techniques, and optimize well placement [5]. 

One of the challenges encountered in reservoir characterization is the reliance on standard 

laboratory-based techniques to determine permeability and accurately estimate the 

intricate distribution of pore sizes to assess the capacity of gas and fluid resulting from 

diagenesis [17]; [6]; [4]. However, Reservoir characterization methods are essential for 

accurately describing a hydrocarbon reservoir's storage and flow capacity. Rock typing 

in sandstone reservoirs is difficult due to significant spatial variation and intricate pore 

structures [20]. 

Recent discoveries in the Outeniqua Basin have brought Offshore South Africa back into 

industry attention. Nine gas and condensate fields are located on the E-M, F-A, and F-O 

licenses of Block 9. The F-A gas field is located approximately 120 km offshore from the 

southern coast of South Africa and is operated by PetroSA. This study focuses on the 

Lower Cretaceous depositional environments of the southern Bredasdorp Sedimentary 

Basin off the coast of South Africa. Basin floor fans with structural and stratigraphic 

closures from the early Cretaceous are the most prevalent spots for these discoveries. 

The reservoirs present challenges for engineers and geologists to characterize as they tend 

to be heterogeneous due to depositional and diagenetic processes. Additional challenges 

are quantitative reservoir characterization in identifying producible, economic reserves 

and distinguishing them from low recoverable reserves. 

Recent significant publications regarding the characterization of the sandstone reservoirs 

in the Bredasdorp Basin include works done previously [1]; [14]; [13]; [9]; [11]; [8]. 

Nevertheless, these studies did not provide a thorough examination of reservoir variability 

using rock typing methods, therefore motivating our study to address this knowledge gap. 

Reliable reservoir characterization methods are required for effective reservoir 

delineation and description. This field was selected for this study due to its unique 

potential to investigate the factors controlling fluid storage and flow within the reservoir.  

This study presents a comprehensive overview of findings derived from the geological 

and petrophysical examination of the F-A gas field. The unconventional cores analysis, 

Winland and MLP methodologies reconcile discrepancies in reservoir studies by 

delivering quantitative, reproducible metrics for rock classification and flow unit 

delineation, thereby enhancing reservoir characterisation and optimizing production 

plans. 

The principal objective of reservoir characterisation in this work is as follows, albeit not 

restricted to:  

▪ comprehend essential lithology-related characteristics crucial for evaluating 

reservoir performance. 

▪ evaluate the variability within the clastic reservoir and to develop a detailed the 

reservoir characterization.  



Romanian Journal of Petroleum & Gas Technology 

VOL. VI (LXXVII) • No. 2/2025 

 

 

 

181 

▪ it also seeks to enhance the existing rock typing methods and workflow for this 

reservoir. Core plug data is employed to identify the High Flow Units (HFU) and 

Petrophysical Rocks Type (PRT) present within the productive sandstone reservoir.  

 

OVERVIEW OF GEOLOGICAL SETTING 

The Bredasdorp Basin is an important petroleum-producing region. Since the early 1990s, 

gas has been produced from shallow marine Valanginian (circa 139 to 132 Ma) 

sandstones deposited on the basin's flanks, while oil has been produced from Aptian and 

Albian (circa 125 to 100 Ma) basin floor fan systems in the sub-basin center [19]. 

Off the west coast, significant gas has been discovered in Albian fluvial and shallow 

marine sandstones, while waxy oil has been encountred in the graben succession. 

Bredasdorp measures about 200 kilometers in length and 80 kilometers in width. It is a 

passive marginal sub-basin located beneath the Indian Ocean, covering approximately an 

area of 18,000 sqkm (Figure 1). 

 
Figure 1. Schematic section across the Bredasdorp Basin [16] 

 

This study presents a comprehensive overview of findings derived from the geological 

and petrophysical examination of the F-A gas field. The cores chosen for analysis in the 

research region are sourced from wells 1, 2, 3, 4, and 5 (Figure 2). The wells illustrate the 

heterogeneity and spatial variations in their attributes throughout distinct sections of the 

reservoir. 

Sandstone reservoirs in the five wells of the F-A field, Bredasdorp Basin, South Africa, 

are chosen based on key criteria, emphasizing petrophysical characteristics, depositional 

facies, and hydrocarbon potential. The selection often entails assessing porosity, 

permeability, clay volume, water saturation, and hydrocarbon saturation via 

comprehensive analysis of well log and core data. The quality of a reservoir is additionally 

affected by the spatial origin of sediments and local tectonic conditions, which influence 

compositional variability, heterogeneity and dispersion throughout the area.  



Romanian Journal of Petroleum & Gas Technology 

VOL. VI (LXXVII) • No. 2/2025 

 

 

 

182 

 

 

Figure 2. Location map of the research area, specifically the Bredasdorp Basin.                                                 

The map has been modified from the original work by Brownfield [2] 

 

 

METHODOLOGY 

The fundamentals of core description include several elements such as particle size, 

texture, lithology, sedimentary formations, and biogenic attributes. The determination of 

lithology and reservoir facies is achieved through the analysis of core data. Consequently, 

the selected cores were utilized to evaluate both horizontal and vertical variations in the 

sedimentary rock characteristics. 

To estimate reservoir parameters throughout the designated research area, the specimens 

were obtained from two distinct shallow marine depositional units that were geologically 

separated by a fluvial succession. The selection of the plugs was based on their 

representation of various lithologies. 

The routine core analysis (RCAL) system conducts essential measurements of various 

parameters, such as porosity (Ø) using helium porosimetry under zero confining pressure 

conditions, and air permeability (K) was assessed by steady state conducted under a 

confining pressure of 230 (psi). 

The reservoir state during the RCAL was not indicative of the in-situ conditions. A total 

of twenty-five core plugs obtained from Well 3 were subjected to special core analyses 

(SCAL). The analysis of the core plugs measurements was conducted under varying 

overburden pressures of 4800 psi and corrected to Klinkenberg.  

A sample description provides a concise overview of the typical core analysis findings 

for the little core plug utilized in the capillary pressure test. The pore radius for the well 

5 samples was obtained by assuming a contact angle of 0°, as no contact angle information 

was provided.  

𝑟 =
2𝜎cosѲ

𝑃𝑐
                                                             (1) 

where is σ is the interfacial tension among the two interacting fluids, θ is the contact amid 

the thicker fluid and the constant surface, Pc is capillary pressure, and r is the radius of 

the capillary. 
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Historically, rock typing procedures commonly relied on the correlation between porosity 

and permeability. The routine core measurements used in this investigation are not 

suitable for rock-typing purposes. Rocks can be categorized into distinct hydraulic flow 

units (HFUs) according to their hydraulic characteristics, which govern the behavior of 

fluid flow inside the porous media [3]. 

The initial approach employed in hydraulic unit (HU) analysis is Winland 1972. This 

method is preferred since it incorporates the petrophysical categorization of rocks, 

considering their storage and flow capabilities as reservoir rocks. This classification is 

based on the assessment of pore size distribution and connectivity. 

𝑟35 = 0.588 (
𝑘

ø
)^0.5                                                 (2) 

where r35 is pore throat (µm), k is permeability (mD), and Ø is porosity (%) 

The graphic is based on the empirical correlation between pore throat radius, porosity, 

and permeability. The utilization of the plot serves the purpose of identifying distinct flow 

units present within a reservoir and subsequently estimating the permeability associated 

with each flow unit, designing production strategies and optimizing the recovery of 

hydrocarbon from the reservoir. 

A modified Lorenz plot is a graphical method used to analyze the heterogeneity of 

hydrocarbon reservoirs. The graph represents the relationship between flow capacity (Kh) 

and storage capacity (Øh), which is calculated on a per-unit basis and preserves the 

stratigraphic sequence. According to [7], these plots are used to subdivide reservoir 

sequences and estimate flow and storage capacity in an accumulative manner. 

Various statistical and geostatistical methods are applied in geological core analysis. 

Some of the commonly used techniques include averaging, probability distributions, 

correlation, and regression. Statistical methods are applied to data to derive patterns, 

generalize, detect trends, and estimate the uncertainty associated with the data [12].  

Core calibration to wireline log data is statistically confirmed using statistical 

comparison, cross-plotting, model calibration, and the application of correction 

coefficients obtained from controlled calibration analysis utilizing various applications, 

including Excel and Interactive Petrophysics. The schematic workflow diagram 

illustrating the methodological phases from data collection to rock type and flow units 

classification is presented in (Figure 3). 

 

RESULTS 

Effective reservoir utilization within the Bredasdorp Basin necessitates a comprehensive 

understanding and analysis of the reservoir's characteristics. In the investigation, a 

meticulous selection of well data was undertaken, followed by a comprehensive 

examination of core samples and log analysis. These procedures were conducted to 

establish and delineate the petrofacies, key reservoir parameters, and hydraulic flow units. 

The deposits are typically composed of moderate sorting sandstone ranging from 

quartzitic to lithic, which may be due to their low to moderate chemical maturity, 

siltstones, and shale (Figure 4). Common mineral constituents are quartz, dolomite, 

pyrite, and glauconite. The most common types of cement are siliceous or calcareous. 
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Figure 3. A schematic diagram depicting the methodologies                                                                           

utilized for describing the study reservoir  

 

Well 1: Sandstone, green siltstone, and claystone core interval 2523–2542 m is found. 

The upper part has interbedded fluvial tight, sorted sandstones and argillaceous sediments 

with glauconitic and shell detritus on the top. Also, there is silty to the coarse grains of 

the marine sandstones. Porosity varies with good porosity. The remainder of the 

sandstone in the core is less porous, and the permeability is restricted below the core. 

Well 2: Data from two cores were obtained in this investigation. Core #3, which spans the 

interval 2147–2157 m, is composed of siltstones and minor fine to medium-grained 

sandstone and shale with good porosity. Core #4, the 2603–2612 m interval, consists 

primarily of shallow marine sandstones with good porosity and permeability. 

Well 3: Large, clean, fossiliferous, glauconitic, medium-grained shallow marine 

sandstone with good porosity and permeability. The fluvial unit consists of lithic 

sandstones with claystone clasts and green claystone and siltstone interbedded to 2751 m 

depth with low poro-perm. It has considerable porosity in parts, but permeability is low 

in the shallow-marine sandstones 2751-2768m. 

Well 4: Consists of shallow marine glauconitic sandstones that grow fossiliferous as the 

interval between 2613-2720 m deep increases in depth. Below 2720 m, claystone is the 

dominant rock type. As the sandstones become increasingly calcareous and fossiliferous, 

the porosities and permeability tend to decrease. 

Well 5: Three cores were cut. They are characterized by porous, fine to medium-grained, 

glauconitic, feldspathic, carbonaceous, or slightly siliceous sandstones with occasional 

fossil remains and shell fragments, underlain by thinly interbedded sandstone and 

claystone. Minor feldspar, shale, and chert clasts are included. Porosity and permeability 

are good, but both decline towards the cored interval's base. 
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Figure 4. Cores descriptions of the selected wells in the study area 

 

The RCA procedures are insufficient in congested or clayey areas because they do not 

capture fine-scale heterogeneity changes. As a result, some RCA trends may be 

undetectable. Therefore, the data obtained from the RCA impose some limitations on the 

potential for interpretation and reduce the reliability of quantification in reservoirs with 

low permeability [10]. 

The core plugs were subsequently placed into a hydrostatic core holder, exposed to a 

reservoir confining pressure of 4800 psi, and corrected to Klinkenberg. By understanding 

the correlation between permeability and confining pressure, it becomes feasible to adjust 

the air permeability to account for in-situ stress conditions.  

Arg,slts,f-msst 
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A graphic depicts the relationship between permeability at room temperature and net 

overburden stress in well 3. The disparity between the two variables grows as 

permeability decreases. The analysis of twenty-five plugs employed for measuring 

permeability under different levels of confining pressure reveals a notable decline in 

permeability with an increase in net confining pressure (Figure 5A).  

By understanding the correlation between permeability and confining pressure, it 

becomes feasible to adjust the air permeability to account for in-situ stress conditions 

(Figure 5B). In the case of well 3, the disparity between the air permeability under 

ambient conditions and the permeability under overburden pressure for most core samples 

exhibits a nearly tenfold increase. 

The observed variation in air permeability and overburden permeability can be attributed 

to differences in measurement conditions, specifically the stress dependence and sample 

volume. The established correlation employed for the conversion of air permeability 

measurements conducted under room temperature conditions to in-situ values specifically 

for well 3 has been expanded to encompass all cores obtained from the other wells, 

namely 4, 5, 1 and 2 (Figures 6A & 6B). 

Alongside the variability in measurement conditions, the reservoir quality of the 

sandstones may have been influenced by diagenetic processes such as clay, carbonate, 

and silica cementation, glauconite presence, mineral dissolution, and compaction. The 

presence of this clay particle reduces the porosity and permeability of reservoir rocks. 
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Figures 5. (A) A graphic illustrates the correlation between permeability at ambient temperature                       

and net overburden stress in well 3. Twenty five core plug samples at ambient temperature and                

confining pressure. (B) Measured permeability at room condition pressure in comparison to the 

permeability under overburden pressure conditions for well 3 

 

 

R² = 0.8915

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100 1000K
li
n

k
e
n

b
e
rg

 p
e
rm

e
a
b

il
it

y
 a

t 
v
e
rb

u
rd

e
n

 p
re

s
s
u

re
, 

m
D

Klinkenberg Permeability at room condition, mD

Y = 0.684x-0.0859

B

0.01

0.1

1

10

100

1000

10000

0 5 10 15 20 25

P
e
rm

e
a
b

il
it

y
, 

m
D

Porosity, %

A

2 1 5 3 4



Romanian Journal of Petroleum & Gas Technology 

VOL. VI (LXXVII) • No. 2/2025 

 

 

 

188 

 
Figures 6. Illustrates the proven correlation utilized for converting air permeability data taken at room 

temperature to in-situ conditions for well 3, extending to cores from surrounding wells. Comparison 

between (A) and (B) shows that permeability decreases with an increase in net confining pressure 

 

DISCUSSIONS 

To estimate the pore throat size in the study area, the pore throat radius lines were 

superimposed on the porosity versus permeability plot using Winland's r35 equation. The 

relationship between permeability, porosity, and pore throat size is utilized for the 

identification of rock types and flow units [18]. 

The permeability of a specific rock is influenced by several geological and petrophysical 

parameters, such as lithofacies rock type, hydraulic flow units, effective porosity, and 

pore throat size distribution. The permeability exhibits the anticipated rise with the radius 

of the pore throat. Generally, the distribution of pore radius reveals that a lower pore 

radius may indicate the presence of silts and very fine-grained sands, and this is 

influenced by chemical and physical mechanisms in addition to the sediments' 

composition.  

Shallow marine sandstones are formed under moderate to low-energy wave and tide 

environments. These formations often comprise well-sorted quartz indicative of extensive 

transit and reworking. They demonstrate elevated compositional and textural maturity, 

with porosities between 17.5% and 24%. Primary porosity is predominantly maintained 

owing to inflexible grain structures and restricted clay matrix development. These 

reservoirs frequently exhibit flow units influenced by microfacies variations and 

cementation gradients that impact permeability distribution. Medium porosity and 

moderate permeability characteristic of shallow marine to shelf facies. 
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Shelf and fluvial sandstones originate from channel and floodplain dynamics. They are 

generally sub mature to immature lithic, characterized by an abundance of rock pieces 

and feldspar resulting from restricted transit and rapid deposition. Fluvial deposits exhibit 

fining with inconsistent grain sorting, resulting in varied reservoir quality. Primary 

intergranular pores predominate during the initial diagenetic phases; however, 

compaction and cementation may diminish porosity, frequently offset by secondary 

dissolution pores. Low porosity and permeability associated with fluvial sandstones 

undergoing significant compaction.  

The permeability in our study area ranges from 0.001 millidarcies to several thousand 

millidarcies. Reservoirs characterized by permeability values below 0.1 mD exhibit 

reduced delivery speed and gas diffusivities compared to typical reservoirs, where the 

permeability value frequently exceeds 10 mD. 

The initial conclusions indicate a variation in the sub-unit basis of the correlation between 

porosity and permeability in the cross-plot analysis. The permeability-porosity 

relationship of the studied cores from wells 4, 3, 5, 1, and 2 segregates the reservoir into 

distinct zones and sub-units. This study found four petrophysical rock types (PRTs) by 

analyzing the results of the Winland r35 identification method.  The Winland rp35 graphic 

demonstrates that the average pore throat apertures vary from 0.01 μm to 50 μm, including 

sizes from nano-pores to mega-pores. 

Five hydraulic units (flow units) predicated on the correlation among permeability, 

porosity, and pore throat dimensions. According to the interaction between permeability, 

porosity, and pore throat, fluvial deposits exhibit a singular hydraulic unit, while shallow 

marine deposits display four distinct flow units as shown in Figure 7.  

 

Figure 7. Illustrates the categorization of petrophysical rock types according to pore throat                               

dimensions and porosity. A total of five distinct hydraulic rock types were identified, all of which fall 

within the range of pore throat sizes spanning from 0.01 to 2 microns across the full core intervals 

 

In PRT 1, the study identified the fluid flow circumstances that exhibited the highest level 

of favorability. These conditions were primarily characterized by the prevalence of mega-

macro porous rock formations with pore throat radii of 20-50 µm. Additionally, these 
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rock formations exhibited porosity values ranging from 17.5% to 22.5% and permeability 

values ranging from 300 mD to 5000 mD. High porosity and permeability found in clean, 

well sorted shallow marine sandstones. 

The quality of the reservoir rock decreases progressively from the upper central region to 

the lower left region, with PRT 5 exhibiting the lowest reservoir rock quality. PRT 5 of 

the study revealed that the reservoir quality was determined to be the lowest in terms of 

pore throat radius, measuring less than 0.2 µm. This was observed in both lower shallow 

marine and fluvial environments.  

In the lower shallow marine environment, the corresponding porosity ranged from 7.5% 

to 13%, while the permeability ranged from 0.05 mD to 0.15 mD. On the other hand, the 

fluvial environment exhibited even poorer reservoir quality, with corresponding porosity 

ranging from 3.5% to 7.5% and permeability ranging from 0.03 mD to 0.1 mD. Low 

porosity and permeability associated with fluvial poorly sorted sandstones undergoing 

significant compaction and deep burial diagenetic zones.  

As a result, the dominant pore throat dimensions rather than porosity determine the flow 

rate and capacity in reservoir rocks, which helps to determine the rock quality. Decreases 

in pore throat size reduce the degree of interconnectivity by increasing tortuosity, and the 

resulting increase in disconnected pores lead to reduced permeability. Another potential 

element that could play a role in this occurrence is the presence of a very fine sand matrix 

or inadequate pore sorting. 

The comprehensive evaluation indicates that Wells 4 and 5 had the highest reservoir 

quality, with a concentration observed from the central region to the upper right quadrant. 

Intermediate reservoir-quality rocks (PRT 3 and PRT 4) were in the central region, 

composed of wells 2 and 1. Well 3 exhibited the lowest reservoir quality.  

The research on flow units and petrophysical rock types greatly enhances field 

development and reservoir management in our study for the shallow marine sandstone 

reservoirs by facilitating precise characterization and segmentation of the reservoir into 

units with unique flow and storage characteristics. Recognizing various petrophysical 

rock types and hydraulic flow units through petrophysical features enhances 

comprehension of reservoir heterogeneity.  

This enables focused control of areas with high fluid flow capacity compared to those of 

inferior quality. Additionally, assist in enhancing the prediction of permeability 

distribution, particularly in uncored wells. Identifying the spatial distribution and 

characteristics of flow units enhances reservoir simulation and aids in formulating 

improved recovery strategies by concentrating on high-quality flow units that 

significantly impact production. 

The purpose of conducting the MLP was to assess the variability in permeability within 

a specific interval of a reservoir. MLP is used to precisely describe petrophysical flow 

units inside geological formations. Additionally, the test aimed to identify the specific 

area of the reservoir that contributes to the flow. In general, the reservoir contains 

numerous flow units (many deflection points were noted). Despite the presence of a wide 

range of storage capacity, the result confirmed the existence of numerous hydraulic rock 

units in the Winland plot and demonstrated that porosity is not the primary factor 

governing permeability.  
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The outcomes of the Modified Lorenz Plot model for the examined wells. Well 2 

presented five flow units (FUs) from bottom to top. Flow Units 1, 4, and 5 had identical 

FU values, and together, they accounted for 68% of the overall flow capacity and 46% of 

the storage capacity. The second flow unit, FU2, exhibits the best flow capacity of 26% 

and storage capacity percentage of 41%. The FU3 exhibited a slower performance 

compared to the others. It was commonly perceived as the baffle unit, given that it 

contributed 6% of the overall flow capacity and 13% of the total storage capacity as 

illustrated in Figure 8.  

 

Figure 8. Depicts the results of the Modified Lorenz Plot model for the analyzed wells. The MLP 

illustrates the flow units based on the relationship between cumulative (Kh) and (Øh) derived                           

from the porosity and permeability of the cores examined 

 

Well 1 introduced five flow units, with FU2 exhibiting the most favorable flow efficiency 

regime. Collectively, these FUs accounted for 68% of the flow capacity and 16% of the 

storage capacity. Flow Units 4 and 5 had identical Flow Unit values, and together, they 

accounted for 25% of the overall flow capacity and 37% of the storage capacity. Flow 

Unit 1 was identified as the unit with the lowest efficiency, namely due to the presence 

of baffles. This unit, when considered, accounted for 7% of the overall flow capacity and 

20% of the storage capacity. The FU3 exhibited a lack of flow capacity, although it 

possessed a storage capacity equivalent to 27%.  

Four hydraulic flow units are designated to effectively manage well 5. FUs 1 and 2 

exhibited identical flow unit values and jointly accounted for 92% of the flow capacity 

and 45% of the storage capacity. Flow unit 3 accounted for 6% of the overall flow 

capacity and 31% of the storage capacity. Flow unit 4 was identified in the study, 

specifically about seals. These seals play a substantial role in the overall flow capacity 

and storage capacity, accounting for around 2% and 24%, respectively. 

The MLP analysis for unit 3 exhibited five flow units, ranked from the lowest to the 

highest. FU 2 is recognized as the primary contributor to flow capacity, accounting for 

around 63% of the overall flow capacity. Additionally, they contribute approximately 4% 
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of the storage capacity. Third, FUs accounted for 27% of the entire flow capacity and 

20% of the overall storage capacity. The contribution of FUs 5 accounted for 5% of the 

total flow capacity and 37% of the overall storage capacity.  

Flow Unit 4 was determined to have poorer performance compared to other units. These 

units were called the "baffle units" because of their distinctive qualities. Individually, they 

add 2% to the total capacity for moving flow, but they make up a substantial 37% of the 

capacity for storing things. Flow Unit 1 was determined to be sealed within the designated 

region of study. Contributing 3% to the flow within the system is valuable. The examined 

core had a little storage capacity, amounting to around 2% of the total storage capacity. 

There were five flow units in well 4. Flow units 1, 2, and 3 demonstrated high efficiency 

and collectively contributed 94% of the flow capacity and 60% of the storage capacity. 

The zones with lower efficiency, specifically FUs 4 and 5, jointly amounted to 6% of the 

flow capacity and 40% of the storage capacity.  

Wells 1 and 3 have the highest flow capacities, with flow FC of 68% and 63%, 

respectively, making them the most significant contributors to the overall flow. FU2 

demonstrates a flow capacity of well over 60% in wells 1 and 3, suggesting potential 

connectivity, albeit with different storage capacities. The storage capacities of FU2 in 

well 2, as well as the storage capacities of FU4 and FU5 in well 3, collectively account 

for the highest storage capacity, amounting to 37% for both FUs.  

Core and log analysis have identified three distinct lithofacies, suggesting the presence of 

a distinct and unique geological environment during the deposition period. The 

logarithmic threshold values used to determine the petrofacies of the core being 

examined. It also displays the distribution of the FC and SC for the various flow units in 

the wells under investigation displayes in (Table 1).  

 

Table 1. Displays the distribution of high-flow units in the wells that were analyzed. The optimal flow 

capacity (FC) and storage capacity (SC) are shown by the colors green and red, respectively 

Wells 2 1 5 3 4 

Flow  

Unit 

SC  

(%) 

FC  

(%) 

SC  

(%) 

FC  

(%) 

SC  

(%) 

FC 

 (%) 

SC  

(%) 

FC 

 (%) 

SC  

(%) 

FC 

 (%) 

1 13 18 20 7 28 48 2 3 10 30 

2 41 26 16 68 18 44 4 63 30 32 

3 13 6 27 - 31 6 20 27 20 32 

4 19 33 21 17 24 2 37 2 20 4 

5 14 17 16 8 - - 37 5 20 2 

 

The preliminary results of the variety of petrophysical parameters linked to each rock type 

are summarized in (Table 2), along with distinct trends of porosity and permeability for 

each rock type. Five petrofacies have been determined through core analysis, which 

indicates a different and unique geological setting during the deposition. 

This discourse is important for lithofacies and petrofacies because it facilitates precise 

calculations of water saturation, porosity, permeability correlation, and fluid flow 

prediction. Furthermore, it enables the establishment of a connection between these 

petrofacies and well productivity. 
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Table 2. Petrophysical Rock Type (PRT) and Flow Units (FU) by a threshold value of porosity (Ø), 

permeability (K), pore throat (rp35), and lithology  

(Litho-facies) 

Fluvial (F) 

Shallow Marine (SM) 

Reservoir 

Composition 

Petrophysical Properties FU PRT 

K,  

mD 

Ø,  

% 

rp35,  

µm 

  

F poorly sorted, clay rich lithic, vf - f sst <1.5 <9.5 0.01 – 1 5 5 

SM 1 poorly sorted, clay rich slts - vf sst <1.5 9.5 - 13 0.01 – 1 4 4 

SM 2 moderately sorted vf sst 1.5 - 10 10 -17.5 1 – 5 3 3 

SM 3 moderately sorted fsst 20 - 200 13 - 18 5 - 20 2 2 

SM 4 well sorted, clean sst  f - m sst 200 - 4000 17.5 - 24 20 - 50 1 1 

 

The investigation indicates results that are comparable to previous research conducted in 

the same reservoir, as documented in articles [13], [14], [9], and [8]. These studies 

revealed that the reservoirs of the poorest quality possess pore throats smaller than or 

equal to 2 µm, an average porosity of less than or equal to 9.5 %, and permeability below 

1 mD. Superior reservoir quality is characterized by pore throats above 5 µm, porosity 

more than 15 %, and permeability surpassing 150 mD.  

The analysis reveals that the shallow marine 4 reservoir makes the most significant 

contribution to reservoir productivity, accounting for 37% of the total. On the other hand, 

the fluvial and shallow marine 1 reservoirs have the lowest contribution, amounting to 

only 9%. Shallow marine environments 2 and 3 combined constitute a substantial chunk 

of the total distribution, comprising 18% and 27%, respectively, as depicted in Figure 9. 

 
Figure 9. Illustrates the proportion of the reservoir's contribution as determined                                                   

by the characteristics of the fluid and rock properties 

 

CONCLUSIONS 

The focus of this study pertains to the sandstone reservoirs within the Bredasdorp Basin, 

located offshore in the southern region of South Africa. The sequences consist of 

alternating layers of sandstone, siltstone, and claystone. These sediments were produced 

in a shallow marine and fluvial setting. The classification of their rock type and flow unit 

is contingent upon grain framework, sorting, mineral content, diagenetic characteristics, 

and the evolution of pore structure. 

Fluvial 1
9%

Shallow Marine 
1

9%

Shallow Marine 
2

18%

Shallow Marine 
3

27%

Shallow  Marine 
4 

37%
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Flow zone identification using core data in the Western Bredasdorp Basin Offshore, South 

Africa, was conducted using Winland r35 and MLP methodologies. Lithofacies were 

delineated by core descriptions and sedimentological analyses. A reservoir zonation 

scheme was established for the sandstone reservoirs of the F-A gas field by the integration 

of rock-type results from several methodologies.  

The classification of flow units and petrophysical rock types is crucial for tackling 

sandstone reservoir variability by segmenting the reservoir into intervals with analogous 

flow and storage properties.This research entails categorizing reservoir intervals by 

petrophysical rock typing based on attributes including porosity, permeability, and 

lithology. Rock types are intimately associated with reservoir quality, offering a basis for 

pinpointing productive zones or barriers within heterogeneous sandstone.  

This study demonstrated that hydrogeological flow units (HFUs) have internal 

consistency regarding flow parameters, while this consistency does not extend to 

lithology. Classifying reservoirs into Hydrostratigraphic Flow Units (HFUs) facilitates 

precise estimates of fluid dynamics and identifies the zones that significantly contribute 

to production. ultimately The quantity of HFUs signifies the extent of heterogeneity, with 

an increased number of units indicating heightened variability and heterogeneity . 

Five flow zones, characterized by high flow efficiency, were detected with wells 4 and 5, 

representing the optimal reservoir quality rock linked to the upper shallow marine 

environment. The constrained areas exhibited the poorest reservoir quality linked to 

fluvial and lower shallow marine environments in well 3, characterized by shale, silt, and 

fine to very fine-grained sandstone. In this investigation, smaller pores exhibited the 

lowest reservoir quality, whereas larger pores demonstrated the highest reservoir quality.  

Despite variations in permeability measurements obtained through core measurements, 

this study successfully generated a quantitative estimation of permeability and established 

appropriate reservoir boundaries. To obtain a precise assessment of the reservoir 

properties, it is essential to incorporate further researches that include core analysis with 

petrophysical properties derived from wire-line logs data. Conducting petrographic 

research is recommended to confirm the impact of supplementary factors on permeability. 

Incorporating 3D seismic or geostatistical modelling to verify reservoir continuity. 

Additionally, it is advisable to conduct production test assessments to validate the results. 
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